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Background: Continuous glucose monitoring (CGM) has been shown to improve glucose control in adults with
type 1 diabetes. Effectiveness of CGM is directly linked with CGM adherence, which can be challenging to maintain
in children and adolescents. We hypothesize that initiating CGM at the same time as starting insulin pump therapy
in pump naïve children and adolescents with type 1 diabetes will result in greater CGM adherence and effectiveness
compared to delaying CGM introduction by 6 months, and that this is related to greater readiness for making
behaviour change at the time of pump initiation.
Methods/Design: The CGM TIME Trial is a multicenter randomized controlled trial. Eligible children and adolescents
(5-18 years) with established type 1 diabetes were randomized to simultaneous initiation of pump (Medtronic Veo©)
and CGM (Enlite©) or to standard pump therapy with delayed CGM introduction. Primary outcomes are CGM
adherence and hemoglobin A1C at 6 and 12 months post pump initiation. Secondary outcomes include glycemic
variability, stage of readiness, and other patient-reported outcomes with follow-up to 24 months. 144 (95%) of the
152 eligible patients were enrolled and randomized. Allowing for 10% withdrawals, this will provide 93% power to
detect a between group difference in CGM adherence and 86% power to detect a between group difference in
hemoglobin A1C. Baseline characteristics were similar between the treatment groups. Analysis of 12 month primary
outcomes will begin in September 2014.
Discussion: The CGM TIME Trial is the first study to examine the relationship between timing of CGM initiation,
readiness for behaviour change, and subsequent CGM adherence in pump naïve children and adolescents. Its findings
will advance our understanding of when and how to initiate CGM in children and adolescents with type 1 diabetes.
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Continuous glucose monitoring (CGM) provides glucose
measurements in real-time updated every 5 minutes to
an external monitor or insulin pump. CGM has been
shown to significantly improve glycemic control in type 1
diabetes (T1D), with the degree of benefit directly related
to frequency of CGM use [1-3]. Children and adolescents
appear less willing to wear CGM than their adult counter-
parts, resulting in reduced effectiveness in the pediatric
population [3,4].
Most CGM studies have enrolled experienced pump
or multiple daily injection (MDI) users, believing that
successful initiation of CGM requires experience with the
insulin delivery system [2,4-6]. However, these studies and
clinical experience suggest that when CGM is added to
the regimen of existing pump users, many consider it as
an optional tool to be used on an intermittent basis rather
than an integral and necessary part of effective pump
management. Successful pump users may believe that they
are doing well enough without CGM, while those who are
struggling with the demands of pump therapy may perceive
CGM as being overly burdensome. In contrast, at the time
of pump initiation, children and adolescents, and their
parents, are highly motivated to make behaviour changes
that they believe will improve diabetes control and quality
of life. Indeed, several studies have observed that CGM
adherence is greater when CGM is initiated at the same
time as starting pump therapy [7-11].
We hypothesize that simultaneous initiation of pump
and CGM will be more effective than standard pump
therapy with initiation of CGM 6 months later, and that
this is related to greater readiness for making and sustain-
ing behaviour change at the time of pump initiation. The
CGM TIME Trial (Timing of Initiation of Continuous
Glucose Monitoring in Established Pediatric Diabetes)
was designed to test this hypothesis and launched as part
of the newly created JDRF Canadian Clinical Trial Network
(JDRF CCTN). This paper describes the research design
and methods of the CGM TIME Trial, recruitment, and




The initial protocol for the CGM TIME Trial, developed
by investigators at the Children’s Hospital of Eastern
Ontario (CHEO), was based on a feasibility pilot study
conducted at CHEO and St. Justine’s Hospital in Montreal,
Quebec [12]. After funding approval from the JDRF CCTN,
the protocol was revised based on input from the JDRF
CCTN Steering Committee, the CGM TIME Trial Study
Group, and international consultation with experts in
CGM trials. Four additional pediatric diabetes centers,
all located in Southern Ontario, Canada, were selectedto participate in the study. Institutional review board
approval was obtained from each site’s ethics board
(The CHEO Research Ethics Board, the University of
Western Ontario Research Ethics Board for Health Sciences
Research Involving Human Subjects, the Hamilton
Health Sciences/McMaster Health Sciences Research
Ethics Board, the Research Ethics Committee of Markham
Stouffville Hospital, and the Research Ethics Board for
The Hospital for Sick Children).
Study design
The CGM TIME Trial is a 12-month multicenter ran-
domized controlled trial with an optional 6-month
Extension Phase. Children and adolescents, 5–18 years of
age, with type 1 diabetes duration > 1 year who were initi-
ating insulin pump therapy were randomly assigned to
simultaneous initiation of pump therapy and CGM (Sim-
ultaneous Group) or to starting standard pump therapy
with addition of CGM six months later (Delayed Group)
(Figure 1 – Study Design). Randomization was performed
centrally, stratified by study center and by age (5–12
years vs. 13–18 years), using a computer-generated
randomization schedule with variable block size.
Study population
Potential participants were required to meet their local
site’s criteria for starting insulin pump therapy. Trial eli-
gibility criteria included: age 5–18 years; type 1 diabetes
duration of at least 1 year; naïve to pump therapy; ready
to start pump therapy with the Medtronic Veo© pump;
willing to use CGM and be randomized to simultaneous
or delayed CGM initiation; home computer with internet
access; and ability of the parent and/or child to speak and
read English or French. Subjects were excluded if they had
conditions which in the opinion of the investigator would
interfere with the subject’s ability to participate in the
study; had received oral and/or intravenous steroid
therapy on more than 2 occasions in the previous
12 months; had used real-time CGM for more than
50% of the previous 6 months; were currently enrolled
in another intervention trial; or had a sibling who had
participated in the CGM TIME Trial. There were no
upper or lower limits for baseline A1C values. Ethnicity
was tabulated by self-report. Informed consent of the par-
ent, plus assent of the child where indicated, was required
before enrolment.
Study intervention
Standard therapy for both groups
All subjects received standard diabetes care for children
and adolescents starting insulin pump therapy at these
sites which included: 1) Participation in a standardized
pump education program divided into two sessions ap-
proximately one week apart; week one was a saline start
Figure 1 Study design.
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used in the insulin pump to allow practice with bolusing
and set changes) with transition to insulin pump therapy
the following week; 2) Training on Medtronic’s CareLink
Personal software with instructions to upload the insulin
pump daily during the 10 days after pump initiation and
weekly thereafter; 3) Daily telephone contact for the
purpose of insulin adjustment with their pump nurse
or diabetes physician for 10 days following the pump
start; 4) Diabetes clinic visits at three, six, nine and
twelve months after pump initiation; and 5) Telephone
assessment and education session with the pump nurse
one month after pump initiation. The content and
structure of the telephone sessions was standardized
and focused on insulin adjustment and use of the pump
for both groups. The Simultaneous Group also received
support for CGM during these calls. Comparable support
was provided to all subjects in the Delayed Group when
CGM was started at 6 months, with telephone calls on
four separate days within the 10 day period after the CGM
start, and one month later. Simultaneous subjects received
the same telephone contact after the six month visit. Fol-
lowing the 12-month study visit, subjects participating in
the optional Extension Phase returned to routine clinical
follow-up with their diabetes team with follow-up visits at
15 and 18 months.
Pump and CGM devices
At the time of recruitment, Medtronic had the only
CGM device licensed for use in Canada. All subjects
used the Medtronic Veo© pump and were provided with
a Contour© BG meter that transmits BG values via radio
frequency to the Veo© pump for use with the Bolus
Wizard, CGM calibration and data storage. Pump training
used standardized written teaching materials for the
Medtronic Veo© pump. Both Simultaneous and Delayed
Group subjects used the Medtronic Enlite© sensor (undera Health Canada Investigational Testing Authorization
until fully approved by Health Canada), Minilink trans-
mitter, and CareLink Personal software. CGM education
was standardized using written teaching materials, with
the only difference between the groups being the timing
of CGM teaching and initiation (i.e., during the pump
start or 6 months later). Training and programming of
pump and CGM settings were standardized for all sub-
jects (Additional file 1: Figure S1 and Additional file 2:
Figure S2).
Simultaneous group
Subjects randomized to the Simultaneous Group were
started on CGM during week one of the pump training
(the saline start). During this week, they were instructed
to make observations about sensor glucose readings rela-
tive to BG levels but not to use the CGM data to adjust in-
sulin therapy. Families were instructed not to activate Low
Glucose Suspend (LGS) during this week. When insulin
pump therapy was initiated the following week, LGS was
activated and other CGM settings initiated in a stan-
dardized step-wise fashion (Additional file 2: Figure S2).
During the daily telephone contact, families received
reinforcement on the interpretation and use of CGM and
Self-Monitoring of Blood Glucose (SMBG) for insulin
therapy adjustments.
Delayed group
Subjects randomized to the Delayed Group started
standard pump therapy as described above. Pump setting
adjustments were based on SMBG from pump initiation
until the 6-month visit at which they received the stan-
dardized training on CGM and were instructed on the in-
terpretation and use of CGM and SMBG to adjust insulin
therapy, with reinforcement through telephone calls dur-
ing the next 10 days and one month later. Delayed Group
subjects were instructed to upload pump and CGM data
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CGM initiation and weekly thereafter. Pump and CGM
settings were standardized as with the Simultaneous
Group (Additional file 1: Figure S1 and Additional file 2:
Figure S2).
Outcome assessments
Outcome assessments include CGM adherence, A1C,
CGM glucose profiles, and patient-reported outcomes
(Additional file 3: Figure S3). The primary outcome is
CGM adherence (number of hours of CGM use per week)
obtained from CareLink Professional which accessed data
from the families’ weekly upload to CareLink Personal.
The main secondary outcome is A1C, evaluated by central-
ized A1C measurement at baseline, 6 and 12 months
(Roche Diagnostics Turbidimetric Inhibition Immunoassay,
utilizing the DCCT/NGSP formula, Dynacare Laboratories,
Toronto, Canada). Additional local A1Cs are obtained
at baseline and every study visit throughout the trial
(DCA2000, Bayer Diagnostics, Tarrytown, NY or local
lab BioRad Variant II by HPLC).
CGM profiles are obtained on all subjects at baseline,
six and twelve months. At baseline, Delayed Group sub-
jects wear the iPro2 for the 6 days prior to initiation of
pump therapy while Simultaneous Group subjects wear
CGM during this same time period (the saline start) but
are instructed not to use the CGM data to adjust insulin
therapy during this week. The six month CGM profile
for Delayed Group subjects are based on a 6 day iPro2
recording completed during the week prior to the study
visit, while for the Simultaneous Group it is based on
CareLink data if subjects are wearing CGM for at least
6 days prior to the six month study visit or if not, a
6 day iPro2 recording is completed prior to the study
visit. Similarly, at 12 months, CGM profiles for both
groups are based on CareLink data if wearing CGM at
least 6 days prior to the study visit or a 6 day iPro2
recording.
Subjects (if > 10 years of age) and their parents complete
questionnaires at each study visit including: Stages of
Change Readiness and Treatment Eagerness Scale (SOCRA-
TES – Diabetes version) [13], Self-Care Inventory – Revised
(SCI-R) [14], Modified Barriers to Adherence Questionnaire
(MBAQ) [15], Insulin Delivery Systems Rating Question-
naire (IDSRQ) [16], CGM Satisfaction Scale (CGM-SAT)
[17], Low Blood Sugar Survey (also known as the
Hypoglycemia Fear Scale (HFS-98) [18], and a question-
naire developed for this study on supplemental health
insurance and socioeconomic status.
Sample size estimation
Sample size calculation was based on the primary out-
come measure: CGM use (in hours per week) six months
after CGM initiation (i.e., the 4 week time period beforethe six month visit for the Simultaneous Group and before
the twelve month visit for the Delayed Group). A clinically
meaningful difference in CGM use is 30 hours per week,
which for example, would translate into an increase in
CGM use from 49% to 69% of the time. Assuming a
standard deviation (SD) of 56.4 hours (weighted average
of SDs in the 15–24 and 8–14 year age groups in two
pediatric studies [2,8]) and allowing for a 10% drop-out
rate, 64 subjects per group are required with a type 1 error
rate at 0.05 and power of 80%.
The study was also powered to detect a difference be-
tween the groups in the change in A1C from baseline to
6 or 12 months. Assuming a clinically meaningful differ-
ence in A1C of 0.5% and a standard deviation of 0.93
(weighted average of SDs at 6 months from two pediatric
CGM studies [2,8]), a two-sample t test with a power of
80% and a type 1 error rate of 0.05 will require 63 subjects
per group allowing for a 10% drop-out rate. To increase
the power for other secondary outcomes including the
patient-reported outcomes, sample size was set at a mini-
mum of 128 and maximum of 150 subjects.
Statistical analyses
Efficacy analyses will be performed according to the
intent-to-treat (ITT) principle and will include all ran-
domized subjects who complete at least one study visit
after randomization. Extension Phase analyses will include
all subjects who enroll in the Extension Phase and
complete at least one study visit after the twelve month
visit. Statistical tests will be two-sided and performed at
the 0.05 level of significance.
The primary efficacy analysis, CGM adherence, will be
evaluated by comparing CGM adherence (hours per week)
computed over the four weeks prior to the six month visit
for the Simultaneous Group, and over the four weeks
prior to the twelve month visit for the Delayed Group
using analysis of covariance, with gender, investigative site,
and baseline A1C, age, diabetes duration, and body mass
index, as covariates. A similar approach will be used for
the secondary efficacy parameter of change in A1C from
baseline. This analysis will compare the change in A1C
between baseline and six months (Simultaneous CGM
and pump initiation versus standard pump therapy) and
between baseline and twelve months (Simultaneous CGM
and pump initiation versus standard pump therapy with
delayed CGM initiation).
The association between SOCRATES baseline readi-
ness for change score and CGM adherence computed
over the six month period between pump initiation and
the six month visit for the Simultaneous Group, and for
the Delayed Group over the six month period between
the six and the twelve month visits will be assessed using
multiple linear regression. Similarly, change in A1C from
baseline to 6 months after pump initiation and CGM
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assessed using multiple linear regression. These regres-
sion models will include gender, investigative site, base-
line A1C, age group, diabetes duration and body mass
index as predictor variables. Treatment effects on other
continuous secondary outcomes will be assessed using
analysis of covariance, adjusting for gender, investigative
site, baseline A1C, age group, diabetes duration and
body mass index.
Logistic regression, with gender, investigative site and
age group as strata will be used to examine the differences
between study groups with regards to the proportion of
subjects achieving specific target A1C values (percentage
of subjects with A1C level of < 7.0%, ≤ 7.5%, and ≤ 8.0%) at
6 and 12 months with calculations of odds ratios and their
95% CI. Similar analyses will be performed to examine the
differences between study groups with regards to an abso-
lute change in A1C ≥ or ≤ 0.5% at 6 and 12 months.
Study recruitment and baseline characteristics
Recruitment began at the lead site (CHEO) on June 30,
2011 with all 5 sites operational by October 15, 2011.
The minimum sample size of 128 was reached on March
19, 2013. Recruitment closed on May 31, 2013 with 144
randomized subjects (Figure 2 – Consort Flow Diagram).
Allowing for 10% withdrawals, this will provide 93%Figure 2 CONSORT flow diagram.power to detect a between group difference at six and
twelve months for CGM adherence and 86% power to
detect a between group difference in A1C.
Clinical statistics at the 5 sites for the previous two
years showed an average 240 pump starts per year (4 per
center per month). Based on the experience of the pilot
study, we projected that 50% of candidates for pump
start would meet the trial eligibility criteria and that 50%
of these would consent to study participation, thus requir-
ing 26 months to reach the minimum sample size of 128.
Actual pump starts were lower than predicated at 2.8 per
center per month with 43.0% of pump start candidates
meeting all eligibility criteria. However, 94.7% of the 152
eligible pump start candidates consented to participation
and entered the study. This resulted in the minimum sam-
ple size of 128 being reached after 19 months. Recruitment
was extended an additional 2 months to increase power
for secondary outcome measures and protect against early
terminations.
The 201 patients who were not eligible for the study
were excluded because they: chose a non-Medtronic
pump [but met all other inclusion criteria] (53.2%), were
not interested in CGM (20.8%), were < 5 years of age
(9.0%), had < 1 year T1D duration (7.0%), were deemed
ineligible by the investigator (3.5%), were not naive to
pump therapy (2.0%), were not willing to be randomized
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(0.5%). Five subjects (2.5%) were excluded for “other”
reasons which included 2 subjects with an uncertain
T1D diagnosis, 2 from out of province, and 1 > 18 years
of age. Of the 7 subjects excluded due to investigator’s
opinion, 3 had developmental delay and 4 had parental
issues which were considered to interfere with trial
participation.
There were no significant differences in baseline char-
acteristics between the Simultaneous and Delayed
Groups (Table 1). There were 8 early terminations (5.6%
of 144) prior to the main study’s 12 month visit. Five
subjects terminated because they decided not to start
pump therapy (3 Simultaneous and 2 Delayed Group
subjects), 2 Delayed Group subjects withdrew from the
study after the 6 month visit, having decided not to start
CGM, because they planned to receive diabetes care at
another center and were not willing to return for study
follow-up, and 1 Delayed Group subject withdrew from
the study after the attending physician removed the
child from pump therapy one week after pump initiation
because pump mismanagement resulted in diabetic
ketoacidosis.
Trial organization
The trial is supported, financially and organizationally,
by the JDRF CCTN, a new initiative launched in 2010 by a
joint partnership between JDRF Canada and the Federal
Government of Canada. The lead site of the CGM TIMETable 1 Baseline demographics of recruited participants
Simultaneous group
(n = 73)
Mean age +/− SD [years (range)] 12.0 +/− 3.3 [5.1-18.1]
Age 5–12 years [n (%)] 39 (53.4%)




Mean baseline A1C +/− SD [% (range)] (n = 71)
8.06 +/− 0.99 [5.7-11.2]
Mean diabetes duration +/− SD [years (range)] (n = 72)
3.5 +/− 3.1 [1-14]






*A1C not collected on 3 subjects who withdrew before visit 1; baseline A1C not ava
**Diabetes duration not available for 3 subjects who withdrew before visit 1.Trial, the Children’s Hospital of Eastern Ontario, is a JDRF
CCTN Clinical Center which provides the infrastructure
for the trial’s operations. The study group is comprised of
pediatric endocrinologists, diabetes nurse educators, dia-
betes dietitians, and research coordinators in each of the 5
clinical sites. Robarts Clinical Trials located in London,
Ontario, provides study and data management and coordi-
nates reporting for clinical and device-related adverse
events. Review of adverse events and data safety monitor-
ing is provided by an independent Data Safety Monitoring
Board comprised of experts in the fields of pediatric dia-
betes, pump therapy and CGM, and clinical trials.
Discussion
The CGM TIME Trial is the first study to examine the
relationship between timing of CGM initiation, readiness
for behaviour change, and subsequent CGM adherence
in children and adolescents. It was designed to address two
previously unanswered questions. First, is simultaneous ini-
tiation of CGM and insulin pump therapy more effective,
in terms of sustained CGM adherence and A1C reduction,
than starting CGM six months after initiation of standard
pump therapy? Second, does simultaneous initiation of
CGM and insulin pump therapy result in better glycemic
control than standard pump therapy with SMBG?
The CGM TIME Trial incorporates several key features
which distinguish it from other pediatric CGM trials. First,
unlike other pediatric CGM trials [2,4,5,7,8], the CGM






12.0 +/− 3.4 [5.1-17.8] 12.0 +/− 3.3 [5.1-18.1] 0.95
33 (46.5%) 72 (50.0%) 0.40
38 (53.5%) 72 (50.0%)
32 (45.1%) 63 (43.8%) 0.75
39 (54.9%) 81 (56.3%)
(n = 68) (n = 139)* 0.40
7.92 +/− 0.94 [5.5-9.8] 7.99 +/− 0.96 [5.5-11.2]
(n = 69) (n = 141)** 0.58
3.2 +/− 2.9 [1-16] 3.3 +/− 3.0 [1-16]
61 (85.9%) 125 (86.8%) 0.27
0 (0.0%) 3 (2.1%)
4 (5.6%) 6 (4.2%)
0 (0.0%) 0 (0.0%)
6 (8.5%) 10 (6.9%)
ilable for 2 subjects.
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broader external validity and generalizability to the
real-life application of CGM in the pediatric popula-
tion. Indeed, 94.5% of eligible patients starting pump
therapy in the participating sites during the recruit-
ment period consented to trial participation. Second,
all subjects are using Medtronic’s Enlite© sensor, the
Veo© pump which incorporates Low Glucose Suspend,
and the iPro2, making the TIME Trial one of the first
pediatric trials of these devices and, at12 months duration,
the longest to date. Previous pediatric trials of these
devices have ranged from 16 days to 6 months [19-21] but
did not examine adherence or effect on A1C. Third, the
TIME Trial developed an innovative and standardized
approach to patient education and CGM and pump set-
tings. This focused on stepwise integration of alarms to
minimize alarm fatigue and annoyance, and the use of
study-specific algorithms for responding to CGM trend
arrows. It has been suggested that previous CGM trials
may have failed to demonstrate effectiveness because they
lacked standardization of patient education and treatment
algorithms [22]. Fourth, the TIME Trial incorporates mul-
tiple patient-reported outcomes including two not previ-
ously included in pediatric CGM trials, the SOCRATES
questionnaire to measure readiness for change and the
Modified Barriers to Adherence Questionnaire.
Readiness for making and sustaining behaviour change,
a measure of patient activation, has been linked with sub-
sequent metabolic control in adults with diabetes [23],
with subsequent behaviour in a clinical trial amongst ado-
lescents with type 1 diabetes [24], and with adolescents’
readiness to make changes in the balance of responsibility
for diabetes management with their parents [25]. Parental
readiness for change related to their children’s health has
been studied in other chronic conditions such as obesity
and polycystic ovarian syndrome, and shown to positively
impact outcome [26,27]. There is also evidence linking
adolescents’ readiness for behaviour change related to
substance abuse [28]. The TIME Trial is the first study
to examine the hypothesis that readiness for change in
children and youth with type 1 diabetes, and their parents,
will predict future CGM adherence and effectiveness, and
that readiness for change will be greater at the time of
pump initiation compared to six months later.
The TIME Trial has not faced the recruitment and
retention challenges commonly faced by clinical trials
[29]. We had predicted that it would take 26 months to
recruit the planned sample size of 128 but we were able
to exceed this, randomizing 144 subjects in 21 months.
We attribute this success to multiple factors including
the use of the Enlite© sensor which was not available in
routine care during most of the recruitment period, the
highly engaged and motivated study group members who
were participating in the first multicenter trial launched inthe JDRF CCTN, and the use of a research recruitment
tool modeled after patient decision aids [30].
The CGM TIME Trial has successfully completed enrol-
ment to the first multicenter trial comparing simultaneous
pump and CGM initiation to starting standard pump ther-
apy with later addition of CGM. The results of the TIME
Trial will advance our understanding of how to initiate
CGM and maximize its effectiveness in the pediatric
population.
Additional files
Additional file 1: Figure S1. Standardized Settings for Pump and CGM
Initiation.
Additional file 2: Figure S2. Stepwise Integration of CGM Alarms.
ISF = insulin sensitivity factor. 1 Delayed Group: all dates are following
initiation of CGM at the 6 month visit. 2 Decision to set alarms is based on
assessment of BG variability within and between days; goal is to have < 1
alarm per day. 3Study-specific guidelines developed for the CGM TIME Trial.
Additional file 3: Figure S3. Schedule of Study Visits, Telephone
Contacts, and Outcome Assessments. CareLink uploads performed weekly
for the duration of the trial. 24 month followup involves data from
CareLink uploads and local A1Cs at 18 and 24 months. Questionnaires:
SOCRATES = Stages of Change Readiness and Treatment Eagerness Scale,
SCI-R = Self-Care Inventory-Revised, MBAQ =Modified Barriers to Adherence,
IDRSQ = Insulin Delivery Systems Rating Questionnaire, CGM-SAT = CGM
Satisfaction Scale, HFS-98 = Hypoglycemia Fear Scale, SES = Health Insurance
and Socioeconomic Status Questionnaire.
Abbreviations
A1C: Hemoglobin A1C; BG: Blood glucose; CGM: Continuous glucose
monitoring; CGM-SAT: CGM Satisfaction Scale; CHEO: Children’s Hospital of
Eastern Ontario; IDSRQ: Insulin Delivery Systems Rating Questionnaire;
HFS-98: Hypoglycemia Fear Scale; JDRF CCTN: JDRF Canadian Clinical Trial
Network; MBAQ: Modified Barriers to Adherence Questionnaire; MDI: Multiple
daily injections; SCI-R: Self-Care Inventory – Revised; SMBG: Self-monitoring of
blood glucose; SOCRATES: Stages of Change Readiness and Treatment
Eagerness Scale; T1D: Type 1 diabetes.
Competing interests
This is an investigator-initiated trial. Pumps and CGM supplies were purchased
by the Study Group from Medtronic Canada at a discounted price. MLL has
been a speaker, without honorarium, at educational events sponsored by
Medtronic and Animas with travel reimbursement to attend these events. CC
has been a speaker with honorarium at educational events sponsored by
Medtronic. KM and SEK have been speakers with honorarium at educational
events sponsored by Medtronic and Animas. The other authors have no
competing interests to disclose.
Authors’ contributions
MLL conceived and designed the design, led its coordination, participated in
data acquisition, and drafted the initial manuscript; BB, KM, CC, SEK, FHM,
JRC, CR, JC, TC, CJD participated in the design of the study, acquisition of
data, and provided critical revision of the manuscript; GR and NB developed
the statistical analysis plan and provided critical revision of the manuscript;
all other listed authors and members of the CGM TIME Trial Study Group
participated in the acquisition of data, and provided critical review and final
approval of the submitted manuscript. All authors read and approved the
final manuscript.
Authors’ information
The CGM TIME Trial Study Group Members:
Personnel are listed as (PI) for Principal Investigator, (I) for Co-investigator, (C)
for Co-ordinators, (DNE) for Diabetes Nurse Educators, (RD) for Dietitians.
Children’s Hospital of Eastern Ontario: Margaret L. Lawson (PI), Brenda Bradley
(Project Manager), Christine Richardson (DNE), Jennilea Courtney (C), Tammy
Lawson et al. BMC Pediatrics 2014, 14:183 Page 8 of 9
http://www.biomedcentral.com/1471-2431/14/183Cooper (RD). McMaster Children’s Hospital: Karen McAssey (I), Janice Muileboom
(DNE), Anne Marie DiGravio (RD), Elizabeth Helden (C), Amiee Hill (C). Children’s
Hospital, London Health Sciences Centre: Cheril Clarson (I), Chantelle Black (C),
Ruth Duncan (C), Keira Evans (DNE), Jenna MacIsaac (RD), Margaret Watson (C).
Markham-Stouffville Hospital: Susan E. Kirsch (I), Alanna Landry (DNE), Marilyn
Fry (RD), Sameer Datwani (C). Hospital for Sick Children: Farid H Mahmud (I),
Jacqueline R Curtis (I), Lynne Cormack (DNE), Kamaljeet Sahota (C), Vanita Pais
(RD). Coordinating Center: Robarts Clinical Trials: Cynthia J Downie, Liz Liddiard,
Dildeep Kaur, Melody Chow, Helen Sun. Biostatisticans: Gopalan Rajamannar
PhD, Robarts Clinical Trials; Nicholas Barrowman PhD, CHEO Research Institute.
JDRF Canadian Clinical Trial Network: Olivia Lou, Concepcion Nierras. Data Safety
Monitoring Board: Heather J. Dean (Chair), William V. Tamborlane, Howard A.
Wolpert.
Acknowledgements
The authors acknowledge the funding provided by JDRF Canada and the
Federal Economic Development Agency for Southern Ontario (FedDev
Ontario) through the JDRF Canadian Clinical Trial Network (JDRF CCTN). The
role of the JDRF CCTN was to conduct the peer review process prior to
funds being awarded, establish statement of work agreements and the
steering committee to oversee the network studies, and ensure quality
assurance was maintained through audit of expenditures and monitoring by
a third party contract research organization (Robarts Clinical Trials Inc.). The
network has primary responsibility for oversight of presentations and
publications. Funding for all authors was provided through the JDRF CCTN.
The JDRF Canadian Clinical Trial Network (CCTN) is a public-private partnership
including JDRF International, JDRF-Canada and the Federal Economic
Development Agency for Southern Ontario, and is supported by JDRF #
80-2010-585.
Funding source
JDRF Canadian Clinical Trial Network (JDRF CCTN).
Author details
1Division of Endocrinology and Metabolism, Children’s Hospital of Eastern
Ontario, University of Ottawa, Ottawa, ON, Canada. 2CHEO Research Institute,
Ottawa, ON, Canada. 3McMaster Children’s Hospital, Hamilton, ON, Canada.
4Children’s Hospital, London Health Sciences Centre, London, ON, Canada.
5Markham-Stouffville Hospital, Markham, ON, Canada. 6Hospital for Sick
Children, Toronto, ON, Canada. 7Children’s Hospital of Eastern Ontario,
Ottawa, ON, Canada. 8Robarts Clinical Trials Inc, London, ON, Canada.
Received: 2 June 2014 Accepted: 4 July 2014
Published: 18 July 2014
References
1. Pickup JC, Freeman SC, Sutton AJ: Glycaemic control in type 1 diabetes
during real time continuous glucose monitoring compared with self
monitoring of blood glucose: meta-analysis of randomised controlled
trials using individual patient data. BMJ 2011, 343:d3805.
2. The JDRF Continuous Glucose Monitoring Study Group: Continuous
glucose monitoring and intensive treatment of type 1 diabetes. N Engl J
Med 2008, 359(14):1464–1476.
3. The JDRF Continuous Glucose Monitoring Study Group: Factors predictive
of use and of benefit from continuous glucose monitoring in type 1
diabetes. Diabetes Care 2009, 32(11):1947–1953.
4. Mauras N, Beck R, Xing D, Ruedy K, Buckingham B, Tansey M, White NH,
Weinzimer SA, Tamborlane W, Kollman C, The Diabetes Research in Children
Network (DirecNet) Study Group: A randomized clinical trial to assess the
efficacy and safety of real-time continuous glucose monitoring in the
management of type 1 diabetes in young children aged 4 to <10 years.
Diabetes Care 2012, 35(2):204–210.
5. Battelino T, Conget I, Olsen B, Schutz-Fuhrmann I, Hommel E, Hoogma R,
Schierloh U, Sulli N, Bolinder J, the SWITCH Study Group: The use and efficacy
of continuous glucose monitoring in type 1 diabetes treated with insulin
pump therapy: a randomised controlled trial. Diabetologia 2012, 55
(12):3155–3162.
6. Hirsch IB, Abelseth J, Bode BW, Fischer JS, Kaufman FR, Mastrototaro J,
Parkin CG, Wolpert HA, Buckingham BA: Sensor-augmented insulin pump
therapy: results of the first randomized treat-to-target study. Diabetes
Technol Ther 2008, 10(5):377–383.7. Moreno-Fernandez J, Gomez FV, Gazquez M, Pedroche M, Garcia-Manzanares
A, Tenias JM, Benito P, Gomez IR: Real-time continuous glucose monitoring
or continuous subcutaneous insulin infusion, what goes first?: results of a
pilot study. Diabetes Technol Ther 2013. doi:10.1089/dia.2013.0033.
8. Bergenstal RM, Tamborlane WV, Ahmann A, Buse JB, Dailey G, Davis SN,
Joyce C, Peoples T, Perkins BA, Welsh JB, Willi SM, Wood MA, for the STAR 3
Study Group: Effectiveness of sensor-augmented insulin-pump therapy in
type 1 diabetes. N Engl J Med 2010, 363:311–320.
9. Hermanides J, Norgaard K, Bruttomesso D, Mathieu C, Frid A, Dayan CM,
Diem P, Fermon C, Wentholt IME, Hoekstra JBL, DeVries JH: Sensor-augmented
pump therapy lowers HbA1c in suboptimally controlled Type 1 diabetes; a
randomized controlled trial. Diabet Med 2011, 28(10):1158–1167.
10. Lee SW, Sweeney T, Clausen D, Kolbach C, Hassen A, Firek A, Brinegar C,
Petrofsky J: Combined insulin pump therapy with real-time continuous
glucose monitoring significantly improves glycemic control compared to
multiple daily injection therapy in pump naive patients with type 1
diabetes; single center pilot study experience. J Diabetes Sci Technol 2007,
1(3):400–404.
11. Raccah D, Sulmont V, Reznik Y, Guerci B, Renard E, Hanaire H, Jeandidier N,
Nicolino M: Incremental value of continuous glucose monitoring when
starting pump therapy in patients with poorly controlled type 1
diabetes: the RealTrend study. Diabetes Care 2009, 32(12):2245–2250.
12. Olivier P, Lawson ML, Huot C, Richardson C, Nakhla M, Romain J: Lessons
learned from a pilot RCT of simultaneous versus delayed initiation of
continuous glucose monitoring in children and adolescents with type 1
diabetes starting insulin pump therapy. J Diabetes Sci Technol 2014,
8(3):523–528.
13. Trigwell P, Grant PJ, House A: Motivation and glycemic control in diabetes
mellitus. J Psychosom Res 1997, 43(3):307–315.
14. Weinger K, Butler HA, Welch GW, La Greca AM: Measuring diabetes self-
care: a psychometric analysis of the self-care inventory-revised with
adults. Diabetes Care 2005, 28(6):1346–1352.
15. Glasgow RE, McCaul KD, Schafer LC: Barriers to regimen adherence
among persons with insulin-dependent diabetes. J BehavMed 1986,
9(1):65–77.
16. Peyrot M, Rubin RR: Validity and reliability of an instrument for assessing
health-related quality of life and treatment preferences: the insulin
delivery system rating questionnaire. Diabetes Care 2005, 28(1):53–58.
17. The JDRF Continuous Glucose Monitoring Study Group: Validation of
measures of satisfaction with and impact of continuous and conventional
glucose monitoring. Diabetes Technol Ther 2010, 12(9):679–684.
18. Green LB, Wysocki T, Reineck BM: Fear of hypoglycemia in children and
adolescents with diabetes. J Pediatr Psychol 1990, 15(5):633–641.
19. Ly TT, Nicholas JA, Retterath A, Lim E, Davis EA, Jones TW: Effect of
sensor-augmented insulin pump therapy and automated insulin
suspension vs standard insulin pump therapy on hypoglycemia in
patients with type 1 diabetes: a randomized clinical trial. JAMA 2013,
310(12):1240–1247.
20. Danne T, Kordonouri O, Holder M, Haberland H, Golembowski S, Remus K,
Blasig S, Wadien T, Zierow S, Hartmann R, Thomas A: Prevention of
hypoglycemia by using low glucose suspend function in sensor-augmented
pump therapy. Diabetes Technol Ther 2011, 13(11):1129–1134.
21. Keenan DB, Cartaya R, Mastrototaro JJ: Accuracy of a new real-time
continuous glucose monitoring algorithm. J Diabetes Sci Technol 2010,
4(1):111–118.
22. Weinzimer SA: Analysis: high-tech diabetes technology and the myth of
clinical “plug and play”. J Diabetes Sci Technol 2010, 4(6):1465–1467.
23. O’Connor PJ, Asche SE, Crain AL, Rush WA, Whitebird RR, Solberg LI,
Sperl-Hillen JM: Is patient readiness to change a predictor of improved
glycemic control? Diabetes Care 2004, 27(10):2325–2329.
24. Viner RM, Christie D, Taylor V, Hey S: Motivational/solution-focused
intervention improves HbA1c in adolescents with Type 1 diabetes: a
pilot study. Diabet Med 2003, 20(9):739–742.
25. Kaugars AS, Kichler JC, Alemzadeh R: Assessing readiness to change the
balance of responsibility for managing type 1 diabetes mellitus:
adolescent, mother, and father perspectives. Pediatr Diabetes 2011,
12(6):547–555.
26. Jakubowski KP, Black JJ, El Nokali NE, Belendiuk KA, Hannon TS, Arslanian
SA, Rofey DL: Parents’ readiness to change affects BMI reduction
outcomes in adolescents with polycystic ovary syndrome. J Obes 2012,
2012:298067.
Lawson et al. BMC Pediatrics 2014, 14:183 Page 9 of 9
http://www.biomedcentral.com/1471-2431/14/18327. Rhee KE, De Lago CW, Arscott-Mills T, Mehta SD, Davis RK: Factors associated
with parental readiness to make changes for overweight children. Pediatrics
2005, 116(1):e94–e101.
28. Maisto SA, Krenek M, Chung T, Martin CS, Clark D, Cornelius J: A
comparison of the concurrent and predictive validity of three measures
of readiness to change alcohol use in a clinical sample of adolescents.
Psychol Assess 2011, 23(4):983–994.
29. Treweek S, Pitkethly M, Cook J, Kjeldstrom M, Taskila T, Johansen M, Sullivan
F, Wilson S, Jackson C, Jones R, Mitchell E: Strategies to improve
recruitment to randomised controlled trials. Cochrane Database Syst Rev
2010, 4, MR000013.
30. Stacey D, Bennett CL, Barry MJ, Col NF, Eden KB, Holmes-Rovner M,
Llewellyn-Thomas H, Lyddiatt A, Legare F, Thomson R: Decision aids for
people facing health treatment or screening decisions. Cochrane
Database Syst Rev 2011, 10, CD001431.
doi:10.1186/1471-2431-14-183
Cite this article as: Lawson et al.: The JDRF CCTN CGM TIME Trial:
Timing of Initiation of continuous glucose Monitoring in Established
pediatric type 1 diabetes: study protocol, recruitment and baseline
characteristics. BMC Pediatrics 2014 14:183.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
